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ABSTRACT

Tea, from the plant camellia sinensis, is consumed in different parts of the world as green,
black or oolong tea. Among all of these, however, the most significant effects on human health
have been observed with the consumption of green tea. Green tea contains polyphenols, which
include flavanols, flavandiols, flavonoids, and phenolic acids. Most of the green tea polyphenols
(GTPs) are flavonols, commonly known as catechins. There are four kinds of catechins mainly
find in green tea: epicatechin, epigallocatechin, epicatechin-3-gallate, and EGCG. Green tea
catechins have demonstrated significant antioxidant, anticarcinogenic, anti-inflammatory,
thermogenic, probiotic, and antimicrobial properties in numerous human, animal, and in vitro
studies. In the present study, four type catechins of green tea were studied. For each catechin ab
initio method was employed for calculations and related parameters were computed.

Key words:DFT calculation, green tea,catechin, polyphenol, EGCG, antioxidant, anticarcinogenic.

INTRODUCTION

Tea is the most consumed drink in the world
after water. Unlike black and oolong tea, green tea
production does not involve oxidation of young tea
leaves's.

Green tea is produced from steaming fresh
leaves at high temperatures, thereby inactivating
the oxidizing enzymes and leaving the polyphenol
content intact*®.

The polyphenols found in tea are more
commonly known as flavanolsarcatechins, and
comprise 30-40 percent of extractable solids of dried
green tea leaves. The main catechins in green tea
are epicatechin, epicatechin-3-gallate,
epigallocatechin, and epigallocatechin-3-gallate
(EGCG), with the latter being the highest in
concentration®3,

Green tea
demonstrated

polyphenols have
significant antioxidant,
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Table 1: Results of optimize calculations for four catechins in green tea

Molecule Energy Energy Gap  Dipole Quadrupole Determinant of Determinant of
(Kcal/mol) (Kcal/mol) moment moment condensed to Distance
atoms matrix
EC -647167.1897 -126.9633  3.1259 -1508580 2.36359x10"  1.55372x10"
EGC -694366.2589 -130.4898  4.0027 -1578059 1.1503x10"2 0
ECG -1004872.918 -102.2144  3.6648 -5175210 1.561545x10'®  -3.98814x10"
EGCG -1052067.736 -106.9709  6.6295 -5568137 - -

Table 2: Results of NMR calculations for(-)-epicatechin (EC)

Number Atom Isotropic  Anisotropy Determinant of Determinant of
of Atom Magnetic Shielding Tensor Eigen value
1 C 40.7933 129.4848 -131534.6859 -132187.3863
2 C 101.1178 81.4917 749999.9317 749900.18
3 C 41.682 124.4068 -152111.1946 -152254.7644
4 C 98.2606 105.3572 618971.935 617123.4746
5 C 40.3898 119.5755 -120581.4747 -121553.1794
6 C 99.4788 96.0498 661610.9959 661291.5423
7 0] 214.1367 53.5446 9450047.009 9443779.294
8 0] 222.0782 73.8408 10461582.97 10407456.39
9 C 161.8983 16.4821 4221606.349 4220733.264
10 C 120.888 35.8661 1722200.697 1713626.209
11 C 109.2673 32.904 1268005.561 1267203.469
12 (0] 215.3092 78.6997 9240810.61 9165813.035
13 C 83.8394 109.1486 135341.9435 131769.2325
14 C 67.379 150.6034 -70446.14768 -72893.33234
15 C 75.7056 160.0222 -153597.7881 -153847.8002
16 C 78.9179 137.6591 49548.04689 47591.7128
17 C 51.6981 118.1888 -25234.30243 -28346.03287
18 C 55.7289 110.455 -14237.44592 -23269.86969
19 0] 242.7435 37.6084 14057512.95 14048991.28
20 0] 237.3366 93.0112 12686727.08 12634889.21
21 0] 281.7297 78.6015 21839351.01 21763132.24
22 H 26.9099 4.8073 19130.43033 19130.05133
23 H 26.4725 6.6187 18050.67965 18048.18389
24 H 28.7916 12.6973 22036.45096 22029.18026
25 H 28.3778 11.2004 20559.56103 20549.31111
26 H 29.7656 7.1211 25573.39622 25558.2547
27 H 30.0048 6.6191 26405.99076 26383.14398
28 H 28.6196 2.3067 23414.05176 23383.86483
29 H 27.8962 5.8829 21344.96671 21343.94067
30 H 26.0539 8.5437 17044.42103 17039.40225
31 H 25.0369 9.2777 14899.52311 14898.21926
32 H 25.3491 5.0347 15942.47712 15938.84851
33 H 29.0284 13.5478 22369.32596 22348.95548
34 H 27.3461 12.1463 17802.84656 17801.49197
35 H 31.505 16.669 27807.03155 27649.59731
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Table 4: Results of NMR calculations for (-)-epigallocatechin (EGC)

Number of Atom Isotropic Anisotropy Determinant of Magnetic Determinant of
Atom Shielding Tensor Eigen value
1 C 40.8019 129.4337 -131468.2548 -132109.6327
2 C 101.1489 81.4339 751314.675 751212.2715
3 C 41.7131 124.2695 -152261.0107 -152407.9893
4 C 98.2962 105.7753 617607.2076 615674.268
5 C 40.4762 119.3192 -120540.4738 -121470.4712
6 C 99.3432 96.1534 657786.1135 657460.7632
7 (0] 214.1095 53.6071 9447285.642 9440995.986
8 (0] 222.082 73.5106 10464384.51 10411199.43
9 C 161.9189 16.7679 4221685.215 4220717.894
10 C 121.4412 36.0943 1746115.875 1737920.775
11 C 109.415 32.5108 1274159.56 1273308.594
12 (0] 216.1166 80.7238 9325726.234 9246871.596
13 C 92.4905 96.9895 355343.3305 351557.0033
14 C 65.6881 155.1177 -80826.25932 -84441.42628
15 C 88.3958 130.7809 233168.3214 230188.5697
16 C 49.6752 118.0147 -27097.08213 -31945.97089
17 C 65.0882 97.6628 131362.7578 131304.7711
18 C 55.4935 108.5991 -1705.637668 -12467.12478
19 O 243.1531 36.5631 14126374.47 14117995.46
20 (0] 264.2844 85.8033 17851122.03 17824969.09
21 (0] 234.4268 97.6819 12142554.41 12089030.39
22 (0] 280.8084 78.6167 21625261.39 21543683.18
23 H 26.9056 4.7901 19115.63886 19115.18925
24 H 26.4412 6.7028 17974.30364 17971.87533
25 H 28.7934 12.7335 22032.02381 22024.99256
26 H 28.3798 11.1724 20558.6524 20548.90834
27 H 29.7438 7.1605 25504.48508 25490.06658
28 H 30.0328 6.5941 26474.82355 26451.09014
29 H 28.5931 2.2897 23351.60052 23320.64108
30 H 27.9385 5.6683 21457.45614 21456.58277
31 H 26.5138 7.8997 18034.92192 18029.56595
32 H 25.4382 9.8619 15572.96794 15568.46717
33 H 29.02 13.8912 22268.71786 22249.01053
34 H 27.8835 14.2057 18641.81058 18635.7062
35 H 27.2655 12.5265 17574.15693 17573.94869
36 H 31.3822 17.1506 27243.58921 27092.09421
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Table 6: Results of NMR calculations for (-)-epicatechin-3-gallate(ECG)

Number of Atom Isotropic Anisotropy Determinant of Magnetic Determinant of
Atom Shielding Tensor Eigen value
1 C 40.4146 130.0009 -128615 -129298
2 C 100.8331 81.9869 741250.4 741138.7
3 C 41.7913 124.3387 -153638 -153693
4 C 99.2153 103.3459 650003.2 648009.2
5 C 40.915 119.5993 -126026 -127067
6 C 99.2005 96.3905 652721.2 652351.4
7 (0] 213.5399 53.3362 9356683 9350524
8 (0] 221.7059 73.539 10412724 10360978
9 C 161.8432 18.892 4216965 4215851
10 C 111.9613 50.4775 1313604 1307693
11 C 112.7245 38.8766 1381136 1378868
12 (0] 217.6278 74.2272 9588378 9507721
13 C 76.6871 131.5557 19844.72 16156.17
14 C 69.8138 147.6212 -58409.9 -59125.5
15 C 76.2222 161.6723 -148429 -149378
16 C 81.184 135.6802 84354.25 81708.69
17 C 50.9251 121.5665 -30327.8 -35385.4
18 C 55.4857 109.741 -26581.9 -34220.8
19 (0] 251.2283 40.5396 15622818 15483215
20 (0] 239.1597 93.2347 13003724 12931497
21 (0] 134.0707 145.1335 -390236 -520509
22 C 73.6342 135.9389 -30737.7 -30908.9
23 C 87.8734 125.3321 272625.8 271983.8
24 C 52.5862 115.2903 -7435.83 -11267.4
25 C 61.3147 103.8535 86001.26 85805.84
26 C 54.2027 111.3854 -21345.3 -28559.7
27 C 86.7742 116.5835 205590.6 204884
28 C 26.4825 77.4218 -280606 -283156
29 (0] -95.4139 579.7699 21461495 21461917
30 (0] 242.1249 32.4512 13923375 13917987
31 (0] 257.1364 98.1199 16228249 16212366
32 (0] 236.9415 93.018 12635932 12574274
33 H 26.8644 4.9382 19019.39 19018.64
34 H 26.4448 6.8991 17956.37 17954.87
35 H 28.7275 12.7808 21858.77 21851.09
36 H 28.3537 10.9946 20603.79 20594.37
37 H 29.4838 5.8049 24661.02 24656.26
38 H 29.597 6.1079 25334.84 25314.18
39 H 27.8979 7.5734 21136.99 21132.83
40 H 27.4551 4.8791 20439.09 20427.47
41 H 25.3289 8.1221 15747.41 15729.67
42 H 25.2434 8.55 15354.62 15352.9
43 H 25.6134 41254 16523.21 16517.52
44 H 28.4687 13.8161 20973.78 20906.58
45 H 27.2212 11.594 17655.35 17645.91
46 H 25.9561 7.9531 16842.7 16840.41
47 H 26.398 7.1822 17910.92 17902.09
48 H 28.9066 13.5722 22041.84 22012.07
49 H 27.603 13.8326 18078.81 18073.67
50 H 27.4441 13.1068 17888.99 17888.06
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Table 8: Results of NMR calculations for(-)-epigallocatechin-3-gallate (EGCG)

Number of Atom Isotropic Anisotropy Determinant of Magnetic Determinant of
Atom Shielding Tensor Eigen value
1 C 40.4524 129.862 -128713 -129210
2 C 99.6995 97.8347 676158.5 676097.1
3 C 40.8537 125.5443 -150525 -150577
4 C 98.7956 103.4706 637057.1 635174.6
5 C 41.047 119.6756 -118159 -119400
6 C 100.695 80.7105 723196.7 722809.2
7 (0] 213.9399 53.9164 9400224 9396174
8 (0] 220.4964 75.2578 10202384 10154243
9 C 160.964 18.3701 4151548 4150085
10 C 113.5261 46.8777 1384243 1380054
11 C 108.7181 29.8684 1254469 1252936
12 (0] 208.8412 80.9209 8390864 8313384
13 C 84.4214 114.0603 180000.3 175519.3
14 C 59.3692 169.6506 -128925 -129874
15 C 91.1127 127.0327 294166.5 289658.6
16 C 46.6936 124.9664 -61746.4 -67766.5
17 C 67.5615 77.3282 182209.5 182107.1
18 C 46.7106 125.4811 -52114.6 -58828.3
19 (0] 232.0068 88.4187 11894662 11819705
20 (0] 293.5939 134.5975 23578633 23572063
21 (0] 146.9444 139.5594 368775 232676.1
22 C 72.5049 136.8501 -45651.7 -46046
23 C 87.5227 125.3313 270600.4 269816
24 C 52.3823 115.2445 -8546.29 -12662.3
25 C 61.6343 103.0269 89737.44 89581.53
26 C 54.2623 110.6945 -19111.6 -26408.3
27 C 86.6519 116.3523 202793.9 202173.4
28 C 29.034 73.9967 -308911 -311190
29 (0] -113.032 608.4679 26112351 26162998
30 (0] 242.1023 34.3492 13928407 13925118
31 (0] 257.8886 96.3126 16400978 16385666
32 (0] 236.9009 92.7637 12632903 12572243
33 (0] 234.9932 86.0768 12395803 12319916
34 H 26.375 4.6461 17990.46 17990.01
35 H 27.0259 7.2398 19184.59 19182.48
36 H 28.8042 11.8772 22132.24 22128.13
37 H 28.3005 10.5617 20584.77 20573.15
38 H 29.5952 6.026 25423.05 25397.77
39 H 29.4205 6.287 244341 2443215
40 H 27.6734 7.3151 20627.26 20607.36
41 H 27.7448 6.1196 21005.79 20999.58
42 H 25.8174 7.5733 16683.84 16677.62
43 H 26.0377 7.9109 17139.27 17134.88
44 H 27.475 12.1494 18314.9 18302.09
45 H 30.5854 18.0495 25722.42 25644.91
46 H 25.796 8.0162 16510.66 16504.99
47 H 26.2549 6.6232 17688.98 17686.58
48 H 28.9466 13.7936 22118.84 22094.03
49 H 27.6021 13.9758 18055.48 18050.28
50 H 27.4034 13.024 17806.56 17805.54
51 H 27.3753 12.8376 18048.34 18031.36
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anticarcinogenic, anti-inflammatory, thermogenic,
probitic, and antimicrobial properties in numerous
human, animal, and in vitro studies'&.

The anticarcinogenic properties of green
tea polyphenols, mainly EGCG, are likely a result of
inhibition of tumor initiation and promotion, induction
of apoptosis, and inhibition of cell replication rates,
thus retarding the growth and development of
neoplasms'®22. Green tea polyphenols antioxidant
potential is directly related to the combination of
aromatic rings and hydroxyl groups that make up
their structure, and is a result of binding and
neutralization of free radicals by the hydroxyl
groups®*#’,

The potential health effects of catechins
depend not only on the amount consumed but on
their bioavailability which appears to be very
variable. In order to known the catechin
bioavailability and metabolism, it is necessary to
evaluate their biological activity within target
tissues?®-%,

Green tea is considered a dietary source
of antioxidant nutrients: green tea is rich in
polyphenols(catechins and gallic acid, particulary),
but is also contains carotenoids, tocopherols,
ascorbic acid (vitamin C), minerals such as Cr, Mn,
Se or Zn, amd certain phytochemical compounds.
These compounds could increase the green tea
polyphenols (GTP) antioxidant potential. The
antioxidant capacity of GTP has been assessed by
several methods® 1.

For example, Cao et al.? using the oxygen
radical absorbance capacity (ORAC) assay found
that green tea has a much higher antioxidant activity
against peroxyl radicals than vegetables such as
garlic, kale, spinach and Brussels sprouts. Langley-
Evans [43]found that the total antioxidant capacity
of green tea is more potent than that of black
tea.Saffari and Sadrzadeh** investigated the
antioxidant capacity of EGCG using erythrocyte
membrane- bound*-®',

ATPases as model, and the results
indicated that EGCG is a powerful antioxidant that
is capable of protecting erythrocyte membrane-
bound ATPases against oxidative stress. Several

CHITSAZAN, Orient. J. Chem., Vol. 31(1), 393-408 (2015)
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Fig. 1: Energetically favourable structure of four
major catechins in green tea. EC, (-)-epicatechin;
EGC, (-)-epigallocatechin; ECG, (-)-epicatechin-
3-gallate; EGCG, (-)-epigallocatechin-3-gallate
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Fig. 2: Variation of electron energy in the occupied orbitals for EC, (-)-epicatechin; EGC,
(-)-epigallocatechin; ECG, (-)-epicatechin-3-gallate; EGCG, (-)-epigallocatechin-3-gallate
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Fig. 3: Variation of charge difference (Aq) as function of bond moment for EC, (-)-epicatechin;
EGC, (-)-epigallocatechin; ECG, (-)-epicatechin-3-gallate; EGCG, (-)-epigallocatechin-3-gallate
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Fig. 4: Variation of charge difference (Aq) as function of angle moment for EC, (-)-epicatechin;
EGC, (-)-epigallocatechin; ECG, (-)-epicatechin-3-gallate; EGCG, (-)-epigallocatechin-3-gallate
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studies have shown that EGCG can act in vitroas
an antioxidant by trapping proxyl radicals and
inhibiting lipid peroxidation*+%2. However, the
antioxidant capacity of catechins determined in
vitrois dependent upon the type of assay and it does
not reflect factors such as bioavailability and
metabolism?®3°.

Methods and Calculations

Computational methods are well placed to a
theoretical approach that the first-principle
calculation to obtain various aspects of drug
properties of green tea molecules®®,

The first-principle quantum chemical
calculations applied to investigation the nature of
green tea molecules were performed in the density
functional theory (DFT) system using the program
package Gaussian 03. At first, the geometry of the
molecules was optimizeds*©s.

In the all calculations molecule were
treated with 6-31G* basis set, carried out by B3LYP
function®7:8,

All these cases have been taken into
account for several parameters such as
energy,dipole moment, quadrupole moment,
energy gap, electron energy and etc®7".

As a result, energetically favourable
structure of four molecules showed on figure 1.

NMR calculations also were performed

CHITSAZAN, Orient. J. Chem., Vol. 31(1), 393-408 (2015)

and results were obtained according to output files
data.NMR parameters were achieved by following
equations:

E=0,-lg ..(1)

That Isoin equation (1) is Isotropic factor.

1 :
Ao =07z —5(omx +owr) (2)

— 3}'}';311 IE:I
w_ B .
o = 3£ @)
1 .
oy =& 4y

1 = o33 — g11(6)
That £} in equation (6)is Span factor.

Sime = o7z — oyy (7]

K= 3[1‘5':;3,—,—) [5]

That A,,in equation (8) can be substitute
with A, for gaining other K factor [72,73].
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